APPENDIX C: SCHEMATIC REPRESENTATIONS OF SOME METEOROLOGICAL CONDITIONS
FAVORABLE FOR ANOMALOUS RADIO PROPAGATION

H.T. Dougherty, R.E. McGavin,* and B.A. Hart**

This appendix categorizes for the telecommunications system design engineer,
some of the meteorological conditions associated with the atmospheric refractivity
(N) Tlayers that are favorable for anomalous radio wave propogation. These layers may
be categorized in terms of their position (surface or elevated), their refractivity
gradients (subrefractive, superrefractive), and their causative physical processes
(advection, evaporation, etc.). These layers are exemplified by simplified plots
(straight-line segments) of their refractivity profiles (N versus elevation h), or their
associated temperature (T in °C), or relative humidity (RH in %), profiles (i.e., T and
RH versus elevation h above the surface). The geographic, synoptic, and generalized
surface conditions associated with the occurrence of each type of layer are described
qualitatively. In some cases, specific locations are identified as examples.

The layer categorizations are summarized in four charts: Chart I describes sur-
face superrefractive layers (AN/Ah < -100 N units/km); Chart II depicts surface
subrefractive layers (AN/Ah > 0); Chart III treats elevated superrefractive layers;
and Chart IV describes elevated subrefractive layers. When the Chart I layers have
sufficiently superrefractive gradients (i.e., ducting gradients where AN/Ah < -157
N units/km), the surface layer also constitutes a surface radio duct. Elevated

refractivity layers with ducting gradients may constitute either elevated or ground-
based ducts (See Figure 7 of the text).

* U.S. Department of Commerce, National Oceanic And Atmospheric Administration,

Weather Modification Program Office, Boulder, CO 80303

) f* U.S: Department of Commerce, National Telecommunications And Information
Administration, Office of -Policy Analysis And Development, Boulder, CO 80303
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APPENDIX D: LIST OF SYMBOLS

general term for excess propagation losses within a duct, in decibels;
see (8).

the aperture-media coupling loss in decibels, see (10).
constant of proportionality, see page 30.
path Tength from transmitting site to receiving site in kilometers.

that portion of a path length, less than d, that lies immersed within
a duct.

the vertical refractive index gradient in n units/km, see (1b).

the vertical refractivity gradient in N units/km, see (1b).

the vertical modified-refractivity gradient in M units/km, see (2b).
duct thickness in meters, see (4), or (6), and (A7).

the field exceeded for p percent of the time, see (18).

the free-space field, see (18).

8), and (9).

the radio transmission frequency in gigahertz, see

(
the minimum trapping frequency in gigahertz, see (7)
s 1

the frequency is expressed in megahertz in Figures 11, B-1, and B-2.

the vertical refractivity gradient across an atmospheric lTayer 1in
N units/km, see (A3).

the vertical modified refractivity gradient across an atmospheric
Tayer in M units per meter, M units/m; see (A3).

the Tod;fied refractivity gradient of the ducting layer in M units/m,
see (A7).

the modified refractivity gradient of the non-ducting layer in M
units/m, see (A7).

the elevation in meters above some reference elevation level.
the elevation in meters of the top of a ducting layer, see Figure 7.

the elevation in meters of the base of an atmospheric duct, see
Figure 7. "

the elevation in meters of the base of a ducting Tayer, see Figure 7.
the basic transmission loss in decibels, see (8).

the free-space basic transmission Toss in decibels, see (9).
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xX X > X

max

the modified-refractivity profile, see (20).
the refractivity profile, see (1a).

the refractivity profile, see (la).

the refractive-index profile, see (la).

the percent of the time.

a factor in determining distance and elevation along a wave trajectory,
see (A11) through (A14).

the subscript to identify receiving terminal parameters, see (14).
the effective earth radius.

the true earth radius, Ro = 6370 km.

the relative humidity in percent.

the subscript to identify transmitting terminal parameters, see (14).
the temperature in degrees centigrade.

the distance along a reference elevation level in kilometers, see (A1).

the distance at which a trajectory has a zero elevation angle, see (A8).
the maximum distance segment over which an arching (trapped)
traj?cto§y will remain within a layer of the duct, the chord length;
see (A16). '

the elevation in meters of a trajectory above a ducting Tayer base,
see Figure 7.

the peak elevation of a trajectory within a ducting layer, see (A9).
the minimum elevation of a trapped trajectory eithin a duct, see (A15).
the layer thickness measured in radio wave lengths.

the ducting layer thickness in meters, see (A6), or (A7).

the modified refractivity change through an atmospheric layer in M
units/m, see (A5), or (A6).

a modified refractivity change used as a reference.

a measure of terrain irregularity; the central 10% to 90% range of
elevations in meters for the central 90% of the terrain profile
between a transmitting and receiving site.

a propagation loss coefficient in dB/km for a duct, see
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the reflection coefficient for an elevated layer.

the local elevation angle of a wave trajectory, usually in
milliradians; see (A2).

the initial elevation angle of a trajectory in milliradians,
see (A1).

the initial elevation angle of a trajectory which has a zero

A~

elevation angle at the elevation y and the distance x; eo = ec.

the critical initial elevation angle for a duct, see (A5).

the antenna half-power beam width in milliradians, see (10),
directed along a duct; it may represent a sidelobe.
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